Abstract: Extreme environmental conditions in the deep sea hamper access to protist communities. In combination with the potentially highly diverse species composition, it demands a wide range of methods to be applied at the same time to guarantee a high resolution of quantitative and qualitative studies of deep-sea heterotrophic flagellates (HF). Within this study, we present a possible combination of several culture-independent and culture-dependent methods available for investigating benthic deep-sea HF communities. Besides live-counting and fixation of HF, we refer to cultivation methods and molecular surveys using next generation sequencing. Laboratory ecological experiments under deep-sea conditions (high pressure, low temperature) could allow the approval of the potential deep-sea origin of sampled HF. The combination of different methods offers a unique possibility to receive detailed information on nanofaunal life in the deep sea. Specific fixation techniques to preserve samples directly at the sampling depth must be applied in further studies to reflect the real biodiversity of the largest habitat on earth.
Introduction
Although deep-sea ecosystems represent the largest and most remote biome of the Earth [1] , only about 5% have been explored so far, even less have been sampled [2] . We lack a firm understanding of species-level distribution (cosmopolitan vs. local) for deep-sea communities [3] as well as the functioning of and the interactions between biodiversity and ecological processes in this vast environment [2] . Marine heterotrophic flagellates contribute not only a major part within the microbial food web and are important nutrient remineralizers in biogeochemical cycles in surface waters [4, 5] with densities ranging between 10 2 and 10 4 cells mL´1, but are also potentially important regarding material flux and bacterial consumption in the deep sea. Recent studies of microbes have shown that even the deepest parts of our Earth are populated with a large variety of life [6] . Nevertheless, qualitative studies from eukaryotic deep-sea communities concerning diversity, spatial distribution and ecological function are still scarce. Concerning investigations of the bathypelagic deep sea, analysis revealed the occurrence of heterotrophic protists (11˘1 cells mL´1) at depths down to 4000 m [7] . A global survey of bathypelagic microbial eukaryote communities identified a few groups as the dominant part of deep-sea communities, whereas the proportional composition of the dominant groups varied on a global scale [8] . Until the end of the last century, besides morphology based studies of foraminiferans [9] , only anecdotal reports for other protists existed [10, 11] mainly due to methodological issues. While some authors reported a lack of flagellate occurrence in samples from the deep-sea floor [11] , other studies revealed densities of HF [10, 12, 13] up to 10 5 cells cm´3 [14, 15] .
There is no standardized protocol for the sampling and analysis of benthic deep-sea protists available at present. Cultivation-based methods miss a majority of taxa since most species require specific cultivation conditions [16] . Molecular barcoding approaches employing PCR introduce significant biases in reported community compositions of marine protists due to the restriction of 'general' primers to detect all protist groups [17] . Since molecular surveys cannot yet provide any information on the morphology and abundance of the organisms, culture-dependent and culture-independent investigations are required to gain quantitative and qualitative results concerning deep-sea protist biodiversity.
The aim of this review is the study of benthic flagellated protists, those living in deep-sea sediments/seafloor. We will illustrate the above mentioned methodological problems presenting own recent results and will recommend a combination of methods to get a more reliable estimate of deep-sea benthic nanofauna.
Quantification and Qualification of Deep-Sea Protists
Several methods have been applied during the last decades to characterize deep-sea communities. Main procedures for flagellate detection in the past included live-counting of samples immediately after sampling, occurrences in laboratory cultures and molecular surveys using Sanger or next generation sequencing (NGS) (Figure 1 ). However, the taxonomic identification of protists, especially nanoprotists, in routine samples is difficult due to the general lack of conspicuous morphological features and the selectivity of sampling and counting methods [18] [19] [20] . The taxonomic identity of heterotrophic flagellates is generally based on cultivated strains, on which ultrastructural, physiological and molecular studies have been performed [16, 21] . However, most deep-sea organisms are extremely difficult to cultivate due to their slow in-situ growth rates and their likely strict adaptation to extreme environmental conditions (oligotrophy, low temperatures, high pressure, anoxia) [2] . The role of these cultured strains as representatives within deep-sea protist communities is unclear. Molecular surveys frequently recover novel eukaryotic lineages that have not been recorded from cultures so far [16, 22] . Environmental molecular surveys in microbial ecology have revolutionized our knowledge, indicating how far we are from understanding this "untapped reservoir" [23] of microbial diversity in the depth [19, 22, 24] . A major problem up to now is the assignment of these obtained sequences to species level with existing databases. A better annotation will improve the knowledge that comes from such analysis and sequence libraries. Therefore, such data will become more valuable as better gene annotations become available [25] . Molecular environmental diversity studies of the deep-sea floor have mainly been focusing on assumed "hot spots" of activity (e.g., hydrothermal vents, methane seeps) mostly from the bathyal zone carried out on a local scale [26] [27] [28] . Our previous studies of deep-sea nanofauna [29] [30] [31] [32] [33] indicated the existence of a specific abyssal nanofauna which contains a large number of endemic taxa [31, 33] .Recent comprehensive studies [34] indicated protists as the most diverse eukaryotic organisms. The diversity of phyla ( Figure 1 ) with their specific differences (e.g., ultrastructure) makes it necessary to consider specifically designed fixatives or molecular techniques.
How to Sample Deep-Sea Protists
The main tool used up to now to collect benthic deep-sea protist communities is the Multi-Corer system. Due to a closing mechanism at the top and bottom of the cores, the risk of contamination with organisms and cysts from upper water layers is reduced. However, the problem is that samples have to be treated immediately after sampling which means within minutes. We microscopically observed living nanoflagellates within the first 30 min after sampling. Protists are stressed by tremendous physical changes, e.g., varying pressures and temperatures, during sampling. Therefore, it is likely that several flagellate species adapted to deep-sea conditions die, while being raised through the water column. Morgan-Smith et al. [35] sampled deep-sea protists with 200 mL titanium chambers retaining in situ pressure from depths of 2750 and 4000 m to investigate the effect of pressure on protist abundances prior to fixation. Although depressurization pre-versus post fixation did not significantly affect the number of eukaryotes counted, cell physiology might be greatly impacted by changes in pressure. Future methodological studies must be applied to solve these problems. Potential solutions could be the usage of specific fixations of samples already in the depth of sampling. Furthermore, samples might generally be obtained under pressure in special containers to ensure observation of living flagellates under prevailing environmental conditions. 
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Live-Counting
Live-counting techniques offer the opportunity to detect living cells up to the morphospecies level in addition to quantitative estimates. Although this method is difficult regarding a limited available time frame for observation and the need of a high amount of expertise, it is useful for obtaining high taxonomic morphotype resolutions [36] .
Generally, untreated sediment samples are stored on ice and used to detect living flagellates immediately after sampling. The direct counts can serve as an estimate of deep-sea protistan abundance and as a cultivation-independent record of species. Inspections and counting of 5-10 μL subsamples of sediment suspensions can be conducted using light microscopes (40-63× phase-contrast objectives) combined with video recording [20] . However, it has to be considered that several flagellates die 
Generally, untreated sediment samples are stored on ice and used to detect living flagellates immediately after sampling. The direct counts can serve as an estimate of deep-sea protistan abundance and as a cultivation-independent record of species. Inspections and counting of 5-10 µL subsamples of sediment suspensions can be conducted using light microscopes (40-63ˆphase-contrast objectives) combined with video recording [20] . However, it has to be considered that several flagellates die under the microscope during counting, probably caused either by rising temperatures due to microscopic light exposure or exposure to low atmospheric pressure (1 bar). These observations also underline the limitation of culture-dependent studies discussed in more detail in section 2.4. Due to the fact that only a few individuals can be detected within this short time frame after sampling, the low abundances lead to possibly severe underestimations of actual protist abundances as can be seen by comparing the numbers obtained from live-counts with those obtained from the analysis of fixed and stained samples ( Figure 2 ). On the other hand, counts of fixed samples could overestimate real abundances when not fluorescence in-situ hybridization techniques are applied [35] , but unspecifically binding fluorochromes are used which may also stain free-floating nuclei and other DNA containing particles. An advantage of live-counting and observation is that the presence of living specimens of genotypes only known from clone libraries and metagenomic studies can be verified. In addition, new taxa can be detected.
underline the limitation of culture-dependent studies discussed in more detail in section 2.4. Due to the fact that only a few individuals can be detected within this short time frame after sampling, the low abundances lead to possibly severe underestimations of actual protist abundances as can be seen by comparing the numbers obtained from live-counts with those obtained from the analysis of fixed and stained samples (Figure 2 ). On the other hand, counts of fixed samples could overestimate real abundances when not fluorescence in-situ hybridization techniques are applied [35] , but unspecifically binding fluorochromes are used which may also stain free-floating nuclei and other DNA containing particles. An advantage of live-counting and observation is that the presence of living specimens of genotypes only known from clone libraries and metagenomic studies can be verified. In addition, new taxa can be detected. . LAM counts were plotted with a separate y-axis. (C) Percentage of taxonomic HF group composition for stations A1-A4 revealed with LAM within the first 2-4 weeks. Live-counting: Inspections and counting of 5-10 μL subsamples of sediment suspensions was conducted using light microscopes (40-63× phasecontrast objectives) combined with video recording. Fixation: Sediment subsamples were fixed with formaldehyde (2%), stained with DAPI (4′,6-Diamidin-2-phenylindol, Sigma-Aldrich, Munich, Germany) and filtered on 0.2 μm membrane filters. Following criteria were defined for the detection of flagellates: roundish shape, larger than 1.5 μm and clear blue coloration. Cultivation (LAM): Subsamples of 2 mL of the sediment suspension were cultivated in 50 mL tissue-culture flasks (Sarstedt, Nümbrecht, Germany) filled with 30 mL autoclaved sea water. Additionally, 650 mL culture flasks were filled with 400-500 mL overlaying water.
Fixation and Staining
Fixation and staining methods are advantageous due to the possible long-term storage and observation of samples. Generally, glutaraldehyde (1%) or formaldehyde (1%-2%) are used as . LAM counts were plotted with a separate y-axis. (C) Percentage of taxonomic HF group composition for stations A1-A4 revealed with LAM within the first 2-4 weeks. Live-counting: Inspections and counting of 5-10 µL subsamples of sediment suspensions was conducted using light microscopes (40-63ˆphase-contrast objectives) combined with video recording. Fixation: Sediment subsamples were fixed with formaldehyde (2%), stained with DAPI (4 1 ,6-Diamidin-2-phenylindol, Sigma-Aldrich, Munich, Germany) and filtered on 0.2 µm membrane filters. Following criteria were defined for the detection of flagellates: roundish shape, larger than 1.5 µm and clear blue coloration. Cultivation (LAM): Subsamples of 2 mL of the sediment suspension were cultivated in 50 mL tissue-culture flasks (Sarstedt, Nümbrecht, Germany) filled with 30 mL autoclaved sea water. Additionally, 650 mL culture flasks were filled with 400-500 mL overlaying water.
Fixation and staining methods are advantageous due to the possible long-term storage and observation of samples. Generally, glutaraldehyde (1%) or formaldehyde (1%-2%) are used as fixatives combined with staining fluorochromes (e.g., DAPI, FITC, Proflavine) which bind to cell components such as DNA or proteins [38] [39] [40] to detect potentially eukaryotic cells under epifluorescent microscopes [41] . Morgan-Smith et al [35] suggested the fixation of deep-sea water column samples overnight at room temperature followed by filtration on polycarbonate filters at a vacuum of 200 mbar to ensure the escape of supersaturated gases and, thus, avoid bubble formation on filters. Hondefeld et al. [42] proposed a suitable method to detect protists in marine sediment samples resuspending fixed samples and taking subsamples of the supernatant after a few minutes when the majority of inorganic particles had been settled, alternative methods could be density gradient centrifugation to separate protists from inorganic particles [43, 44] . Although fixed counts are up to three orders of magnitude larger than live counts (see Figure 2) , no methodological tests of the reliability of this method exist for deep-sea conditions [30] . Quantifying eukaryotic cells in fluorescently stained fixed samples is accompanied by several disadvantages. Critical comparisons of fixed samples of heterotrophic flagellates have found significant discrepancies between parallel counts of each other (cf. Figure 2) . One has to keep in mind that obtained abundances might be underestimated due to the fact that cells may not survive the pressure changes during sampling. Several groups of HF are very sensitive to the fixation procedure. A significant part of HF might be disrupted by fixation and difficult to detect [45] . Although several authors emphasize the more accurate identification of protists with DAPI-staining due to the discrimination between the nucleus and cytoplasm and sometimes the display of flagella, a clear identification of all protists is still limited and in several cases doubtful, because large bacteria [7] and free-floating nuclei might also be stained. Thus, staining the nucleus with DAPI in combination with FITC [39, 40] or Proflavine [38] , which stain entire cell body, seem to be a more accurate way to explicitly identify flagellates.
One improvement in detecting protists is the usage of fluorescence-in-situ-hybridization (FISH). Although FISH is a huge development in identifying microbial eukaryotes as well as prokaryotes, there are still several disadvantages of FISH such as insufficient sensitivity due to the low number of target molecules in cells, low probe permeability of cells and poor probe hybridization efficiency [46] . The catalyzed reporter deposition fluorescence-in-situ-hybridization (CARD FISH) allows characterization of communities in terms of abundance and taxonomy and specifically targets protists, while large bacteria are not confounded [47] . This technique has already been used for analyzing eukaryotic deep-sea microbes together with universal oligonucleotide probes (e.g., EUK516) [35] . The universal probes EUK516 (5 1 -ACCAGACTTGCCCTCC-3 1 , [48, 49] ) and EUK1209 (5 1 -GGGCATCACAGACCTG-3 1 , [50, 51] ) are missing the detection of kinetoplastids within the eukaryotic phylogenetic tree. Thus, the exclusive usage of these two probes would lead to a lack of detection of some free-living protists in at least some marine systems. The overall specificity and reliability of the detection of protists can be increased with a combination of oligonucleotide probes KIN516 (5 1 -ACCAGACTTGTCCTCC-3 1 , [52] ) and EUK516.
Cultivation
Cultivation methods offer the possibility of detailed morphological characterizations and the establishment of clonal cultures for molecular studies. Water originating from the sampling depth is autoclaved and bacterial growth is supported by adding organic substances (e.g., yeast extract, glucose) to allow cultivation of bacterivorous species. Generally, not all species appear in cultures due to selective conditions like enrichment of bacteria or the lack of suitable other food sources (e.g., other protists). This results in a support of r-strategists among HF favoring similar genera/species such as Cafeteria, Caecitellus, Rhynchomonas, Neobodo during cultivation [53] . However, sometimes even seldom recorded species may appear, showing that a massive cultivation effort is needed to enhance successful cultivation. To partially overcome this problem, molecular investigations such as next generation sequencing are applied to detect uncultivable organisms.
One suitable method of cultivating protists is the liquid aliquot method (LAM, [54] ) inoculating defined aliquots small enough to place one cultivable organism into each culture vessel. Aliquots of deep-sea sediment or overlaying water can be cultivated to estimate the abundance and diversity of cultivable deep-sea nanoprotists ( Figure 3B ,C).
Next Generation Sequencing (NGS)
Molecular surveys have revolutionized our understanding of deep-sea protist communities. The methodological spectrum of next-generation sequencing (NGS) and DNA-barcoding for HF has increased significantly in the last years [17, 34] . Conserved samples for bulk analysis of RNA (active organisms, metatranscriptomics) and DNA (whole metagenome studies) can be used to analyze the presence of protist genotypes in the deep sea [31, 33] . However, there are still some unsolved problems like specific instead of general primers, different rRNA copy numbers for protists, PCR biases, the difficulty of differentiating active from inactive forms (e.g., cysts), and incomplete databases containing incorrect labeled species [45, 55, 56] . Whole genomic DNA extracted from sediment samples using the PowerSoil ® DNA isolation kit (Mo Bio Laboratories, Inc., Carlsbad, CA, USA) and quantified using a spectrophotometer. The highly variable V4 region of the 18S rRNA gene was directly amplified from the samples using the eukaryotic specific primers 590F (5′-CGGTAATTCCAGCTCCAATAGC-3′) and 1300R (5′-CACCAACTAAGAACGGCCATGC-3′). Each sample was PCR'ed in triplicate and pooled to a final concentration of 20 ng/μL to reduce possible PCR biases. NGS using the GS-FLX Titanium sequencer (Roche, Mannheim, Germany) was performed by GATC Biotech AG, (Cologne, Germany). Sequencing was done as from adaptor A (forward primer or 5′-end). Obtained sequences (100% query coverage) were clustered in OTUs using a pairwise identity of 80% on the "class" level, since most reads did not yet have hits in public databases. Cultivation: see Figure 2 .
Molecular surveys have revolutionized our understanding of deep-sea protist communities. The methodological spectrum of next-generation sequencing (NGS) and DNA-barcoding for HF has increased significantly in the last years [17, 34] . Conserved samples for bulk analysis of RNA (active organisms, metatranscriptomics) and DNA (whole metagenome studies) can be used to analyze the presence of protist genotypes in the deep sea [31, 33] . However, there are still some unsolved problems like specific instead of general primers, different rRNA copy numbers for protists, PCR biases, the difficulty of differentiating active from inactive forms (e.g., cysts), and incomplete databases containing incorrect labeled species [45, 55, 56] .
While the usage of quantitative PCR of 18S rRNA genes in conjunction with FISH for marine picoeukaryotes, seemed to be a very promising way to quickly obtain data on the ecological distribution of important phytoplankton groups, primer specificity and varying rRNA gene copy numbers among eukaryotes need to be considered [57] . The potentially selective amplification needs to be incorporated in the interpretation of obtained results concerning species composition and abundances. Thus, the use of multiple sets of primers is required to recover the major part of environmental microbial diversity.
Comparison of artificial and environmental 18S rRNA gene libraries revealed, that environmental PCR-based techniques might be sufficient to compare samples, but the total diversity will probably always be underestimated [58] . High amounts of ribosomal sequence data can be obtained by next generation sequencing (e.g., 454-pyrosequencing, Illumina), which has the potential to uncover more organisms including rare species. Both methods, 18S clone libraries and 18S amplicon sequencing, showed significant similarities in protist community composition [59] .
An alternative which does not require PCR steps is the metagenomic approach. The analysis of bulk DNA from deep sea-sediments [3] allows for both a qualitative analysis and a rough assignment to trophic functions of deep-sea nanofauna. However, it has to be considered that a large proportion (estimations up to 90%) of the DNA in deep-sea sediments is extracellular [60, 61] . Thus, it is uncertain, if detected benthic protist communities are actually thriving under these conditions or are rather an Whole genomic DNA extracted from sediment samples using the PowerSoil ® DNA isolation kit (Mo Bio Laboratories, Inc., Carlsbad, CA, USA) and quantified using a spectrophotometer. The highly variable V4 region of the 18S rRNA gene was directly amplified from the samples using the eukaryotic specific primers 590F (5 1 -CGGTAATTCCAGCTCCAATAGC-3 1 ) and 1300R (5 1 -CACCAACTAAGAACGGCCATGC-3 1 ). Each sample was PCR'ed in triplicate and pooled to a final concentration of 20 ng/µL to reduce possible PCR biases. NGS using the GS-FLX Titanium sequencer (Roche, Mannheim, Germany) was performed by GATC Biotech AG, (Cologne, Germany). Sequencing was done as from adaptor A (forward primer or 5 1 -end). Obtained sequences (100% query coverage) were clustered in OTUs using a pairwise identity of 80% on the "class" level, since most reads did not yet have hits in public databases. Cultivation: see Figure 2 .
While the usage of quantitative PCR of 18S rRNA genes in conjunction with FISH for marine picoeukaryotes, seemed to be a very promising way to quickly obtain data on the ecological distribution of important phytoplankton groups, primer specificity and varying rRNA gene copy numbers among eukaryotes need to be considered [57] . The potentially selective amplification needs to be incorporated in the interpretation of obtained results concerning species composition and abundances. Thus, the use of multiple sets of primers is required to recover the major part of environmental microbial diversity. Comparison of artificial and environmental 18S rRNA gene libraries revealed, that environmental PCR-based techniques might be sufficient to compare samples, but the total diversity will probably always be underestimated [58] . High amounts of ribosomal sequence data can be obtained by next generation sequencing (e.g., 454-pyrosequencing, Illumina), which has the potential to uncover more organisms including rare species. Both methods, 18S clone libraries and 18S amplicon sequencing, showed significant similarities in protist community composition [59] .
An alternative which does not require PCR steps is the metagenomic approach. The analysis of bulk DNA from deep sea-sediments [3] allows for both a qualitative analysis and a rough assignment to trophic functions of deep-sea nanofauna. However, it has to be considered that a large proportion (estimations up to 90%) of the DNA in deep-sea sediments is extracellular [60, 61] . Thus, it is uncertain, if detected benthic protist communities are actually thriving under these conditions or are rather an artifact by deposited cells from the upper water column, encysted cells or extracellular DNA [62] . Thus, metagenomics might introduce biases in actual protist biodiversities, because they are accompanied by two major issues, rDNA copy number and extracellular DNA [63] . One major bias of rDNA diversity surveys, the extracellular rDNA, is reduced significantly by rRNA libraries, but such libraries are exclusively recovering the active part of the communities. A solution might be the RNA and DNA extraction from the same sample to assess the composition of the microeukaryotic assemblage by distinguishing between active cells and signals from inactive or even dead organisms [62] . A comparison with transcriptome data from similar sampling sites in the deep sea could help to detect a "passive seed bank" which might contain species which are able to grow in the sampled habitat, but might be inactive due to actually unfavorable conditions. Investigations of sympagic as well as surface protist communities revealed activity patterns of specific groups by comparing rDNA and rRNA libraries [64, 65] .
The results from our study of deep-sea sediments from the central Pacific indicate the advantages and disadvantages of molecular and cultivation methods. Cultivation recovered only a very minor part in comparison with the diversity obtained by NGS. Cultivation (and Sanger sequencing) allowed the assignment of sequences to species level (Figure 3 ). Within our studies 91% of all NGS sequences belonged to alveolates (undetermined dinoflagellates) which amplify preferentially with universal primers, whereas they did not occur in cultures. The same was true for cercozoans. Contrary, kinetoplastids were not recovered by NGS due to primer mismatch, but could be detected in cultures (new species). Bicosoecids (new species) occurred in cultures but were obviously too seldom for registration by NGS.
Protocol for Detecting Nanofaunal Abundance and Diversity
Estimates of abundance and diversity should be accomplished by culture independent methods such as live-counting of untreated samples as well as counting of fixed and stained samples. Furthermore, cultivation of defined aliquots of the diluted sample (LAM) offer the possibility of morphological characterization and later molecular surveys (PCR, single-cell genomics/transcriptomics) for identifying corresponding genotypes. This addition of known sequences to molecular database is a very important step to increase the knowledge of diversity of protists in the deep ocean. To get an idea regarding the active genotypes in deep-sea samples, NGS applied to RNA is necessary. Clone libraries or next generation sequencing are helpful tools to detect diversity but the results must be verified regarding the origin of the organisms. From an ecological point of view, pressure (>200 bar) and temperature (<4˝C) experiments may confirm the deep-sea origin of sampled HF [66] . At least for some organisms isolated from the deep sea it should be tested in the laboratory whether they are able to survive at deep-sea conditions. Thus, a combination of several methods is recommended when analyzing deep-sea nanofauna (Figure 4) . artifact by deposited cells from the upper water column, encysted cells or extracellular DNA [62] . Thus, metagenomics might introduce biases in actual protist biodiversities, because they are accompanied by two major issues, rDNA copy number and extracellular DNA [63] . One major bias of rDNA diversity surveys, the extracellular rDNA, is reduced significantly by rRNA libraries, but such libraries are exclusively recovering the active part of the communities. A solution might be the RNA and DNA extraction from the same sample to assess the composition of the microeukaryotic assemblage by distinguishing between active cells and signals from inactive or even dead organisms [62] . A comparison with transcriptome data from similar sampling sites in the deep sea could help to detect a "passive seed bank" which might contain species which are able to grow in the sampled habitat, but might be inactive due to actually unfavorable conditions. Investigations of sympagic as well as surface protist communities revealed activity patterns of specific groups by comparing rDNA and rRNA libraries [64, 65] . The results from our study of deep-sea sediments from the central Pacific indicate the advantages and disadvantages of molecular and cultivation methods. Cultivation recovered only a very minor part in comparison with the diversity obtained by NGS. Cultivation (and Sanger sequencing) allowed the assignment of sequences to species level (Figure 3 ). Within our studies 91% of all NGS sequences belonged to alveolates (undetermined dinoflagellates) which amplify preferentially with universal primers, whereas they did not occur in cultures. The same was true for cercozoans. Contrary, kinetoplastids were not recovered by NGS due to primer mismatch, but could be detected in cultures (new species). Bicosoecids (new species) occurred in cultures but were obviously too seldom for registration by NGS.
Estimates of abundance and diversity should be accomplished by culture independent methods such as live-counting of untreated samples as well as counting of fixed and stained samples. Furthermore, cultivation of defined aliquots of the diluted sample (LAM) offer the possibility of morphological characterization and later molecular surveys (PCR, single-cell genomics/transcriptomics) for identifying corresponding genotypes. This addition of known sequences to molecular database is a very important step to increase the knowledge of diversity of protists in the deep ocean. To get an idea regarding the active genotypes in deep-sea samples, NGS applied to RNA is necessary. Clone libraries or next generation sequencing are helpful tools to detect diversity but the results must be verified regarding the origin of the organisms. From an ecological point of view, pressure (>200 bar) and temperature (<4 °C) experiments may confirm the deep-sea origin of sampled HF [66] . At least for some organisms isolated from the deep sea it should be tested in the laboratory whether they are able to survive at deep-sea conditions. Thus, a combination of several methods is recommended when analyzing deepsea nanofauna (Figure 4) . 
Conclusions
Molecular methods are an appropriate way to investigate deep-sea protistan diversity. With metagenome analysis and 18S rDNA amplicon sequencing, the active as well as inactive fraction of protist communities in the deep sea can be recorded. However, one has to keep in mind, that extracellular DNA is also detected. Thus, it is recommended to add analysis of the RNA (rRNA amplicon sequencing and metatranscriptomics) of the recorded genepool to filter for the active organisms. As DNA is well preserved in this environment and protists may form cysts in the deep sea because of unfavorable conditions, one should consider data from metagenomic analysis as a seed bank analysis. This way, a comparison between spatial and temporal separated samplings in the deep sea can be used to detect theoretically viable protists which were not active during sampling due to environmental factors such as lack of resources. To apply NGS for the analysis of species and hence biodiversity, the need of reliable reference databases is a major hindrance, which has to be overcome. A close combination of NGS together with culture dependent methods, morphological observations, single-cell investigations, as well as ecological studies is a prerequisite for a profound understanding of the diversity and the role of protists in deep-sea food webs. We tried to provide a recommendation of methods for investigating abundance and diversity of deep-sea nanoprotists by combining six different techniques available at present (Figure 4) . Each method has its own advantages and disadvantages concerning investigations of HF. The combination of different methods offers a unique possibility to receive detailed information on nanofaunal life in this extreme and hardly accessible environment. However, the fact that protists are usually exposed to high variations in pressure and temperature during sampling procedures compared to their constant original environment may potentially lead to a disruption of flagellates. Future studies must solve these methodological problems. Therefore, the usage of specific fixations of samples already at the depth of sampling should be considered. For investigation concerning diversity and the ecological role of HF, samples should be obtained under pressure from the deep sea to ensure observation of living flagellates.
